As the world's two principal soybean producers, Brazil and the United States also export the majority of the world's soybeans and, thus, compete for the edge in the world's largest soybean-consuming markets of China and the European Union. Currently, the world's three principal soybean exporting nations-the United States, Brazil, and Argentina-contribute to nearly 90% of the international trade. These data are represented in Figure 1 (3) .
The expected dramatic increase in Brazilian soybean production in the coming years has been cited as one of the three major structural changes occurring in the international grain trade, along with Chinese demand levels and U.S. ethanol production (4) . According to the U.S. Department of Agriculture's (USDA) projections, by the year 2019 Brazilian soybean exports will increase by 40%. This expected substantial change has been credited to the use of large reserves of previously uncultivated land and policies that enable farmers to respond to higher prices. Areas in the interior of Brazil, specifically in the states of Mato Grosso and Mato Grosso do Sul, which had previously underused their land resources, have begun to expand the harvest capacity by simply planting more acreage. The increased South American pressure, specifically from the growth in Brazilian soybeans, will result in the reduction of the U.S. total market share from nearly 40% to 30% by the end of the projections in 2019 (1) . This shift in the balance of power in the soybean market will create opportunities for profit in Brazil.
However, the Brazilian soybean market currently suffers from a disadvantage in comparison with its world-market competitors: cost of transport. Among competitors, Brazil maintains the lowest farmlevel cost of production (5) but loses out on this advantage between the field and the port on the way to the international market because of the large distances traveled by inefficient means of transportation in comparison with the competitors (6) .
In logistical terms, soybeans are a low-aggregated-value product, turning its transport policy into an essential element in cost control and, ultimately, competitiveness. According to Dornier et al. (7 ) , transport policy involves the choice between modes of transportation, decisions about delivery size, and routing, and scheduling. A product's transportation policy is highly related to client service, stock, and storage locations.
The cost of transporting soybeans in Brazil is considerably higher than in the United States. In 2007, the Agricultural Marketing Service and the USDA measured the internal transport costs of Brazilian soybeans to be three times more than that of American soybeans (8) . It is generally accepted that as infrastructural systems improve, the cost of transportation is reduced, thus implicating a reduction of the cost of
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Because of increased international consumption, soybeans have become one of the world's top commodities. Brazil and the United States, the world's two largest soybean exporters, possess unique agricultural commodity infrastructure schemes for production and transportation. The goal of this paper is to examine the differences between transportation systems and infrastructure of the two countries, and look at how these differences affect their respective commodity transportation policies. A theoretical overview of the essential role transportation plays in business logistics is followed by an analysis and comparison of the Brazilian and U.S. transportation systems. Drawing on previous U.S. Department of Agriculture studies of U.S. and Brazilian commodity transportation, landed cost price formation analyses are performed, taking into account production, internal transportation, and freight tariffs. Examples of landed cost price formation are also given to enrich the information provided. It is shown that in certain cases Brazilian internal soybean transportation costs can represent 230% more than those of the United States. On the basis of the literature review, the effect of transportation policies on the total landed cost of soybeans on the world marketplace are examined, as are reasons for why Brazilian soybeans suffer a competitive disadvantage from field to port. The current situation and what could be done to potentially improve Brazilian internal transportation policies is also discussed.
Agricultural commodity trade, and particularly the soybean market, represents an opportunity for Brazil to position itself as a leader in the world market. Among the three most commonly produced grains in the global agricultural market-soybeans, wheat, and cornsoybeans maintain the highest price on the market, almost two and three times more expensive than wheat and corn, respectively (1). Considering current investments in research and large-scale production of biofuels, an increase in soybean demand can be foreseen. Brazil is the second largest soybean exporter in the world after the United States and is also one of the most important competitors in the global oilseed market (2) . the product in general (9) . In other words, more economically efficient means of transportation spell an increased competitive advantage for the product on the market. This paper evaluates the respective modes of transportation of soybeans from Brazil and the United States. The introduction is followed by a discussion about key theories and definitions dealing with transportation as a component of the logistics that will be called upon throughout the paper. Next, the different modes of transporting soybeans in the countries in question will be analyzed. The paper concludes with a discussion of the data presented and a summary of the details and general discussion of the current situations and implications for future transportation developments in Brazil and the United States.
LOGISTICS AND INTERNATIONAL COMMODITY TRANSPORTATION
Logistics have never performed such an important role in organizations (7 ) . According to the definition offered by Dornier et al., "logistics is the flow management between marketing and business functions. The current definition of logistics encompasses larger amplitude than in the past" (7) .
With respect to international logistics, Ballou goes on to state that "inexpensive transportation has allowed domestic companies to . . . secure raw materials that are geographically dispersed and to place goods competitively in markets far from their domestic borders" (10) . For the purpose of this paper, soybeans will be considered as the raw material in question in such definitions. Although business logistics is divided into four key activities, (a) cooperation of customer service standards with marketing, (b) transportation, (c) inventory management, and (d) information flows and order processing (10) , this paper focuses specifically on the impact of transportation decisions that Ballou cites as "some of the most important that face the logistician."
Buyers and sellers work in conjunction to complete transactions in the international soybean market. This paper examines global operations and transportation as key activities of logistics in context of the soybean market. The functional definition of global operations used in this paper is that of Dornier et al., "Global operations involve the process of planning, implantation, and control of the flow and storage of, [among other things,] raw materials, [such as soybeans,] from the point of origin to the point of consumption" (7) . For the purpose of this paper, a distinction is made between the terms "internal transportation," which encompasses all transportation within the domestic borders of the country on the way to the international market, and "freight cost," which encompasses all transportation costs incurred from a product's point of origin to its point of destination on the international market. Internal transportation forms only a portion of total freight costs in these global operations, as the soybeans are transported from domestic fields within the two respective countries to reach maritime ports or foreign borders.
A country's infrastructure has a large influence in the efficiency of its productive sectors in the global market. According to Ojima and Rocha, a country's transport segment can interfere in the efficiency of many sectors of the economy (11) . A company's logistical policy can be limited to the choices that are made available by a country's infrastructure. Schnepf et al. (5) agree that infrastructure is one of the factors that contributes directly to the competitiveness of a commodity such as soybeans.
The efficient practice of logistics offers a competitive advantage to businesses. Competition is promoted by the improvement of transports: a business farther away from a client is still able to compete with a business closer to the same client if its costs are comparatively cheaper (12) . Ballou supports this affirmation, stating that logistical decisions in the areas of transportation, customer service levels, and facility locations have an impact "on the profitability, cash flow, and return on investment of the firm" (10) .
For the purpose of this paper, decisions in the area of transportation modes are examined. It is estimated that transportation costs alone compose between one-and two-thirds of all logistical costs. Transport decisions involve, among other things, "mode selection, shipment size, and routing and scheduling." (10) . All of these decisions are influenced by the proximity of warehouses to customers and plants. Another point of interest in the international soybean market is intermodal transportation-the process of shipping a product via more than one transportation mode (i.e., a product arrives at a port via maritime transport and is then transported by rail to its destination)-that has been driven principally by increased international shipping, which frequently involves multiple modes (10) .
It is more advantageous to transport soybeans, a product of low aggregated value, by waterway or railway, thus taking advantage of the economies of scale of the great quantities that can be transported (13) . Plá and Salib (6) offer the following evaluation of commodity transportation. "Railways and waterways are more adequate for the transportation of agriculture products due to the characteristics of the cargo and its respective movements in Brazil, or rather, large volumes with concentration in a few, short periods of the year, low quotients of value/freight of the products and long distances" (6) .
Combining this information, a holistic vision of the reality of commodity transportation can be extracted. Soybeans, a common low-unit-value, high-demand product on the international market, often involve multiple modalities of transportation over long distances, and thus economically efficient high-volume transport is necessary to ensure competitive prices. In the following section, the role of soybeans in the Brazilian economy and the transport of the grain to the international market will be discussed, taking into account the previously discussed logistical concepts.
BRAZILIAN AND U.S. SOYBEAN TRANSPORTATION POLICIES AND ISSUES
Agriculture plays an important role in the Brazilian economy. According to statistics provided by the Brazilian Agricultural Ministry, Ministério da Agricultura, Brazil was the fifth most productive exporter of agricultural products in the world in 2004 (14) . In terms of national impact, the agricultural sector in Brazil contributed 28%, or US$55 million, to the country's total gross domestic product (GDP) in 2008 (15) .
Brazil is the second largest exporter of soybeans in the world, producing 27% of the world's soybeans in 2008 and 2009 and making up 38% of the crop's world export figures in the same time period (2) . As Brazil's most exported agricultural product, soybeans make up a large part of the nation's agricultural GDP percentage. In 2007, unprocessed soybeans represented 29% of the total number of Brazilian agricultural exports. Soybeans and all of its derivatives combined (including soybean crush and oil) contributed to 48% of the country's agricultural exports in the same year. These data can be seen in Figure 2 (16) . Thus, a strong connection can be seen between economic gains and international soybean trade.
Historically in Brazil, the most often used means of cargo and goods transportation has been via roadway. According to Dias (17) , at the end of the 1980s, 76.4% of the cargo transported within the country was transported on the road, in comparison with 14.2% by railway and 9.3% by waterway. Both railway and waterway transportation have seen gains in their frequency of use in the past two decades. The privatization and deregulation of the railways and ports and the elimination of export controls in the 1990s helped diminish the costs of these means of transportation (5), thus stimulating investment and refurbishment. These assertions are supported by the information offered by the Brazilian National Transport Confederation, Confederação Nacional de Transporte, 2009 statistics bulletin. In 2009, the percentage of roadway cargo transportation dropped to 61.1% and the percentage of both railway and waterway cargo transportation increased to 20.7% and 13.6%, respectively (18). These data can be seen in Figure 3 .
Moreover, the Brazilian tendency to transport by truck is extremely relevant to the transport of soybeans because Brazilian soybean farmers frequently opt for truck transportation instead of using cheaper modes of transport, such as railways and waterways. According to Schnepf et al. (5), these elevated costs incurred in truck transportation are caused by inefficient and underdeveloped waterway and railway systems.
Brazil possesses almost 30,000 km of functional railways (5, 17) . However, Dias (17 ) holds that the lack of a uniform rail gauge is caused by the low use of the Brazilian railway system in transport, among other factors. There are three types of railway gauges: metric, 99 cm, used in 65% of the country; wide, 160 cm, used in 17% of the country; and the mixed gauge, which accommodates both other gauge types (2) . These inconsistencies imply challenges to railway transportation. As mentioned in the theory section, Dornier et al. (7) assert that the storage of a product is directly related to its transportation policy. In Brazil, the lack of adequate storage centers along the soybean transportation chain stands out as a weak spot in the transportation scheme, principally in waterway ports and railway stations (5).
According to Schnepf et al. (5), because of the perishable nature of soybeans, the lack of satisfactory storage centers such as silos causes Brazilian exporters to push soybeans onto the international market in undesirable seasons when the prices are relatively low. The lack of sufficient storage contributes to the crop's exposure to negative factors such as the elements and rodents, diminishing the product's quality before even reaching the buyers. The resulting rush to transport soybeans has reportedly contributed to enormous lines of trucks waiting for multiple days to load and then transport soybeans to ports.
In the past three decades, the epicenter of Brazilian soybean production has migrated to the interior states of Mato Grosso and Mato Grosso do Sul. This rapid growth in soybean production levels has exceeded the rate of the region's infrastructure expansion, as the poorly developed transportation infrastructure (19) is still in the process of development (9) .
Because of the poorly developed infrastructure, Brazilian soybeans face an arduous journey on the way to the international market, from the fields of Mato Grosso and Mato Grosso do Sul along the states' less-than-satisfactory, often unpaved (9), road system to the mostused Brazilian ports of Santos, Paranaguá, and Rio Grande. These journeys are from 1,500 km to 2,200 km in some cases. As of 2003, Mato Grosso (a state roughly the size of the U.S. states of North Dakota, South Dakota, Nebraska, Iowa, and Minnesota combined) possessed just one paved roadway (BR-364), which crossed the state in an east-west direction. Some advances are being made to help reduce transportation costs. Plans are underway for the extension of the highway system in the interior soybean-producing regions, and the development of the railroad line, Ferronorte, has managed to link the southern reaches of the soybean-producing regions to the country's busiest Atlantic port, Santos. However, waterway options are limited. Many of the rivers in the region flow from south to north, eliminating the possibility of cheaper barge transport to the important Atlantic coast ports (19) .
Ojima and Rocha (11) assert that the railway and waterway systems in Brazil still are not sufficient to realize the transport of grain in many cases, making the use of roadway transportation necessary, even when faced with long distances. As previously mentioned, soybeans are a low-aggregated-value commodity and trucks are not a cost-efficient means of transportation because of the high volume that must be carried to achieve sufficient economies of scale. A truck loads around 150 times fewer soybeans than a railway composition and around 600 times less than a barge.
Barges have come to be used on the Madeira River (11), where soybean producers took it upon themselves to create a route from Mato Grosso and Mato Grosso do Sul (roughly 950 km), trucking the soybeans to the port to be ultimately transported down the Amazon River to an export facility in Itacoatiara, in northern Brazil (19) . Completion of this project would provide a natural trajectory and shorter distance from Itacoatiara to the European and Asian markets via the Panama Canal (4), compared with the ports located in southern Brazil.
The influence of the cost accumulated in roadway transportation in the final landed cost of the soybeans can be seen in the following example. As mentioned before, the largest soybean-consuming markets are China and the European Union. In the following example, the busiest port in the Chinese market, Shanghai, is used as the examined destination.
The distance from Sorriso, Mato Grosso, to the most-used port in Brazilian soybean transportation, Santos, is 1,190 mi (1,904 km). In 2007 and 2008, the transport cost from Sorriso to the ports of Shanghai, China, through the mentioned ports represented 31% to 34% of the total landed cost of the soybeans (2) .
A difference can be seen in the total landed cost to the final consumer when this logistical situation is compared with that of Cruz Alta in the state Rio Grande do Sul, Brazil. The distance from Cruz Alta to the port of Rio Grande is 288 mi (463 km), and the corresponding transportation costs to the same ports are almost reduced by half, falling to 16% to 19% of the landed cost (2) . "From a logistical perspective, soybean production located within a small radius of these ports (Santos, Paranaguá, and Rio Grande) remains highly competitive with U.S. soybeans in European markets. However, as Brazilian production moves into the interior, the high cost of getting soybeans to market erodes competitiveness" (5) .
Implications of the previous assertion can be seen in Table 1 , which compares transportation costs from Sorriso and Cruz Alta, Rio Grande do Sul, with transportation costs from Davenport, Iowa, (2). The port in question for Davenport is located at the mouth of the Mississippi River in the Gulf of Mexico. The destination port considered is located in Shanghai, China. All "to port" distances are considered as distances traveled within domestic borders. and, therefore, was used as a market benchmark for comparison in this study. Brazilian soybean transportation costs were then compared with the U.S. benchmark to obtain a relative perspective, in percentage form, of soybean costs in the two countries. Between 2007 and 2008, transportation costs from Sorriso to Shanghai showed themselves to be, on average, 44% higher than that of U.S. transportation costs. More noticeable was the comparison with Cruz Alta, Rio Grande do Sul, where, although maintaining a lower cost due to proximity to major shipping ports, a steep peak is shown in the proportion spent on internal transportation. Between 2007 and 2008, transportation costs from field to port were shown to be around 205% more expensive than that of the U.S. benchmark. Davenport is located some 1,055 mi farther from port than Cruz Alta, Rio Grande do Sul. U.S. soybean transportation policies differ from those of Brazil. However, U.S. soybean production, in general, should be examined. As the world's leading soybean-producing nation, the United States produces 38% of the world's soybeans and makes up 45% of the soybean export trade (2). The internal soybean transportation structure in the United States differs from that of Brazil in that it depends more on railway and waterway systems for the commodity's mass transport. U.S. farmers enjoy an efficient and low-cost transportation system because they do not rely too heavily on any one specific mode of transportation. The equilibrium of competition and integration between barge, railroad, and truck transportation facilitates a low-cost system (13) . For example, soybeans harvested in the interior of the country can be transported by rail to the Mississippi River in St. Louis, Missouri, where they can then be loaded onto a barge and shipped southward to the port in Louisiana.
Truck transportation dominates the total U.S. agricultural transportation modal share, accounting for 70% of all agricultural products moved (including fresh produce, milk, sugar, live animals, bakery products, processed vegetables, and fruits). However, truck transportation accounts for just 40% when viewing transportation in the context solely of the grain and seed market, with rail and water representing 27% and 29%, respectively, of the modal share.
Overall, according to the Agricultural Marketing Service's report, Transportation of U.S. Grain from [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] , featured in the USDA and U.S. Department of Transportation's 2010 report (13) , railways and waterways constituted 37% and 57% of U.S. soybean export transportation, while roadway transportation by truck accounted for just 6% of the grain's movement. The same report concludes that "rail and barges lend themselves to bulk and lower-value products such as wheat and soybeans . . . The higher ratio of ton-miles for rail and barge indicates their efficiency at moving commodities long distances, such as moving grains and oilseeds to ports for export."
According to Schnepf et al. (5) , the United States has a widespread network, centered around the Mississippi River and its tributaries, which makes for economic and efficient commodity transport of products such as soybeans to the international markets via barge. The authors assert that the American barge system is "unrivaled as the most economic and efficient manner of transport of commodities from the field to the international market."
The United States also possesses almost 150,000 mi (240,000 km) of usable railway, eight times that of Brazil, giving U.S. soybeans a competitive edge in transportation (2, 5, 13) . A uniform gauge system offers a competitive advantage to the United States, because transporting along a multiple-gauge system requires expensive stops, and the uniform system also facilitates the movement of equipment. Moreover, because of the heavier rails of American trains, the locomotives and train cars are able to transport larger densities of the crop, thus gaining an advantage in economies of scale (5) .
Taking these modes-highway, port, rail, or waterway-and others into account simultaneously, a view of the potential for intermodal grain transportation within the United States can be seen. According to statistics from the U.S. Department of Transportation presented in Vachal and Reichert (20) , there are more than 2,695 intermodal facilities in the United States, providing more flexible access to producers and buyers. These facilities also play integral roles in containerized commodity trade, which adds value to agricultural products such as soybeans through their ease of transition between modes of transportation in international trade (20) .
In the United States, the convenient location of agricultural storage facilities-mainly grain elevators and warehouses-has played a key role in the development of commodity trade. The efficient system helps in the prevention of spoilage and infestation by rodents and insects and contributes to a reduction in transportation costs. This extensive storage system also helps to gather large amounts of crops, which can then fully supply barges used in waterway and international trade (13) .
A difference in the transportation tendencies between the two leading soybean-producing countries can be seen when considering the following example. In the case of American soybean exports to Mexico, which can be accessed by roadway, railway, and waterway, the most-used method is railway, representing 61% of such exports to Mexico. Maritime transports and trucks represent 31% and 8%, respectively (21) . Basically inverting the Brazilian model of soybean transportation, the example demonstrates a large break from the Brazilian tendency to transport soybeans via roadways, which is considered more costly in commodity transportation. benchmarks for price comparison. The respective Brazilian costs were then compared with the U.S. benchmarks to obtain a relative perspective, in percentage form, of how soybean costs vary between the two countries. Internal transportation is considered as transportation within domestic borders.
Even though it has a higher accumulated farm-level production cost among its global competitors, the United States maintains a position of leadership in the world market through economically efficient means of transportation. In 2001, in the principal areas of production in Brazil, soybean cultivation and harvest ran at a considerably lower cost, representing just 76% of the U.S. production benchmark costs. Freight tariffs were 50% higher in Brazil, representing a difference of just US$0.19 per bushel. However, as can be seen by the graph, the United States recovers much of its competitive edge through relatively low transportation costs (5). This comparison exhibits, while maintaining consistency with figures from more recent studies (2) , that Brazilian transportation costs are around 211% greater than those of the United States.
The average cost of transport from the midwestern United States to Shanghai is, on average, 20% of the landed cost, compared with 31% to 34% from Mato Grosso, Brazil, to the same ports (2). These reductions in transport costs are reflected in the cost to the final consumer, thus aiding the competitiveness of U.S. soybeans on the international market.
CONCLUSIONS
This paper has examined the roles of transportation policies as a key activity of logistics in the international soybean market. Specifically, the Brazilian and U.S. transport systems were compared, drawing upon statistics, transportation, and logistics theory.
Until Brazil improves its means of transportation, Brazilian soybeans will be more subject to the fluctuations in the world petroleum market than American soybeans. A jump in gas prices will affect Brazilian soybean competitiveness more profoundly than that of the United States because of the disproportionally larger transport costs from production regions to the ports in Brazil-costs that are tied to its dependence on truck transportation.
However, some significant changes have been undertaken to improve Brazil's ability to move large amounts of its most profitable commodity at a low cost. Soybean transportation via navigable rivers has been developing in recent decades, aiding in the decrease of transportation costs. Waterway projects, such as the Tiete-Parana and Madeira river waterways, have helped improve a more economic transportation of the crop. Such waterway transport systems are similar to those of the United States, and if development continues they can contribute positively to the increased competitiveness of Brazilian soybeans. One long-term forecast to the year 2025 indicated that development of river transportation in northern Brazil will help Brazilian soybean exports grow by more than 200%, from 7 to 17 million metric tons. Several undertakings can be credited with the projected jump in exports. A project to develop an interior water-truck shipment system to Itacoatiara and Santarem (a port facility opened in 2003) and a government project to improve highway BR-163 are expected to result in the reduction of shipping costs and in the increase in economic appeal of exporting soybeans rather than selling them domestically as feed stock for cattle and livestock. Decreases in historically high shipping costs will also persuade local farmers to plant soybeans, thus increasing overall production (4). A serious undertaking of infrastructure creation and refurbishing projects based along Brazilian railways and waterways could enable this significant growth to occur, as evidenced by the increases in usage of railway and waterways after the privatization of such projects (17, 18) .
Apart from large, state-sponsored infrastructure undertakings, there are many opportunities for profits to be made by private-sector transporters in reducing the cost of soybeans in Brazil as well. Freight consolidation could be achieved through various measures. Increasing the capacity and number of storage points would enable soybean suppliers to meet demand with larger, more consolidated shipments. Increasing storage capacity with larger and a greater number of silos will also help eliminate the temporal pushes that Brazilian soybeans suffer in order to avoid product deterioration from rodents and the elements, also giving suppliers more opportunity to strategically coincide their transactions with favorable market fluctuations. Continuing to develop waterway systems in Brazil will enable vehicle consolidation through the use of larger barges to push increasingly larger amounts of soybeans down its vast river system, rather than relying upon roadway transportation, which has shown itself to be more costly and less efficient. In the literature, many authors agree that Brazilian soybeans suffer increases in price along the way to the international market because of its comparatively high costs in the internal transportation sector. The same authors agree that improvement in the area of transports and their use would bring about a lowering of the cost of soybeans to the final customer (2, 5, 6, 9, 11, 19) . From the figures presented in this study and previous studies, it can be seen that transportation costs are a major competitive differential in the global soybean market, as Brazilian soybeans suffer from much higher transportation costs, representing, in some cases, 230% more than U.S. transportation costs (see Table 1 ).
These elevated transport costs are transferred to buyers, thus raising the landed cost of soybeans, Brazil's leading agricultural export, and influencing the grain's performance and competitiveness on the international market. The refurbishment, investment in, and creation of efficient means of commodity transportation will enable Brazil not only to continue being a big player in the world soybean market but perhaps the biggest. 
